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Description 

Ultrafine Modified Aluminum Hydroxide 

and Its Preparation 

Cross Reference to Related Applications 

[0001] This is a continuation-in-part of copending International 

Application PCT/CN01/00810, with an international filing 

date of May 18, 2001. 
Background of Invention 

[0002] jhe present invention relates to a preparation method of 
ultrafine modified aluminum hydroxide (AI(OH) 3 ) under 
high gravity field in rotating beds and modifying condi- 
tion, as well as modified product of AI(OH) 3 via this 
method. And also, the invention relates to the precursor 
of modified AI(OH) 3 , that is to say, preparation method of 
ultrafine AI(OH) 3 and nanoscale AI(OH) 3 product thereof. 

[0003] Aluminum hydroxide has been widely used in many fields 
such as chemical industry, ceramics, paint and paper 
making, and others. Because of its superfine particle size, 
ultrafine AI(OH) has many significant merits that common 



AI(OH) 3 does not have. For example, used as fire retar- 
dant, it can greatly improve fire retardation. Meanwhile, it 
can be used as a precursor compound of ultrafine alu- 
minum oxide, and used to prepare high activated catalyst. 
It can be applied to bio-ceramics and inorganic/organic 
nano-composite materials, and so on. 
[0004] Traditional preparation method of AI(OH) 3 is to precipitate 
AI(OH) 3 from sodium aluminate (NaAlcy solution. The 
common methods of precipitation include an inoculating 
seed decomposition method where seed crystal is added 
to NaAI0 2 solution, and a carbon component decomposi- 
tion method where CO is introduced into NaAlO solu- 
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tion. These two kinds of methods are mostly mature in in- 
dustry nowadays, while AI(OH) 3 product is always metal- 
lurgy grade having a particle size from tens to hundreds 
of micrometer. In order to acquire superfine particle, 
somebody attempted to expand and explore traditional 
method and achieved some new methods, such as Emile 
Trebillon (see US patent US 4,492,682), Bernard F. Arm- 
brust (see US patent US 3,268,295). They use carbon 
component decomposition that introduces C0 2 into NaAI0 2 
solution with severe stirring to generate gel. After wash- 
ing and filtering, the gel is dispersed in other solution to 



get ultrafine AI(OH) 3 product after heating treatment. 
Nevertheless, the time of carbon component decomposi- 
tion is too long. When solution volume is only 0.5 litre, 
carbon component decomposition process needs another 
15 to about 30min. to terminate the reaction. Moreover, 
efficiency is low, and the attained gel is not uniform. 

[0005] since all engineering plastics and specialty plastics are 
processed above 270°C, while AI(OH) 3 becomes dehy- 
drated at about 205°C,AI(OH) 3 will generate bubbles in 
plastics. The surface of the polymer becomes rough, and 
the product characteristics are badly influenced. All of 
these limit its use range. 

[0006] john M. Stinson and William E. Horn tested fire retardation 
of a type of modified AI(OH) 3> known as aluminum trihy- 
droxides, or ATH, which was developed by Alcoa Technical 
Center (see Journal of Vinyl & Additive Technology, June 
1995, Vol.1, No. 2, pp.94 to about 97). This kind of modi- 
fied AI(OH) 3 has a relative good property, but the article 
does not disclose any detail of the preparation method 
about the modified AI(OH) 3 - 

[0007] so a need remains to develop a type of AI(OH) 3 product, 
which has good thermo- stability and a high initial weight 
loss temperature, and naturally, to develop a preparation 



method for such product. 
Summary of Invention 

[0008] The present invention provides an ultrafine modified 
AI(OH) 3 whose X-ray diffraction (XRD) spectrum has 
diffraction peaks at the points where D value is 6.39, 
6.16, 4.67 A(Angstrom), and 20 angle is 13.836, 14.347, 
and 19.006, respectively. 

[0009] The present invention also provides a preparation method 
for an ultrafine modified AI(OH) 3 , which comprises the 
steps of:(A) 1) introducing a C0 2 -containing gas and a 
NaAI0 2 solution into a high gravity rotating bed appara- 
tus, 2) reacting to form a reactant composition in the form 
of a gel or a liquid suspension, 3) filtering and washing to 
obtain a particulate AI(OH) 3 filter cake, and 4) optionally 
drying the filter cake to obtain a powdered product; 
wherein the gas/liquid volume flow rate is 0.5 to about 
10, on the basis of standard pure CO^, and the concentra- 
tion of NaAI0 2 is 0.1 to aboutlO mol/L; and(B) 5) mixing 
the particulate AI(OH) 3 obtained in Step A, with a modify- 
ing agent selected from the group consisting ofan oxalate, 
an oxalic acid, or a mixture thereof,6) reacting for a pre- 
determined period of time at a temperature equal to or 
higher than 100 °C; and 7) drying the reacted AI(OH) to 



obtain an ultrafine modified AI(OH) 3 powder product. 

[0010] The present invention also relates to an ultrafine modified 
AI(OH) 3 precursor and its preparation method. This 
method comprises the following steps: introducing a C0 2 ~ 
containing gas and a NaAI0 2 solution into a high gravity 
rotating bed apparatus to react and generate a gel or sus- 
pending liquid; and filtering and washing the gel or sus- 
pending liquid to obtain AI(OH) 3 filter cake, which option- 
ally is dried to obtain powder product; wherein the gas/ 
liquid volume flow rate is 0.5 to about 10, on the basis of 
standard pure CO^ and wherein the concentration of 
NaAI0 2 is 0.1 to about 10 mol/L, preferably about 1 to 
about 8 mol/L, and more preferably 1 to about 5 mol/L 

[0011] The modified AI(OH) 3 of the present invention has a high 
initial weight loss temperature and a high weight loss 
rate, which is very suitable for use as a fire retardant. The 
present invention can control the size of AI(OH) 3 particle 
within nanometer grade and make it uniformly distributed 
in the short reaction time of carbon component decompo- 
sition. The initial weight loss temperature can be raised to 
330 to about 380°C, and preferably about 350 to about 
380°C. At the same time, the rate of weight loss is up to 
about 50% before 500°C. So it can be applied to thermo- 



plastic plastics whose processing temperature is over 

270°C as fire retardant. 
Brief Description of Drawings 



[00 12 ] FIGS. 1A and IB showXRD patterns of a modified AI(OH) 3 

of the invention. 
[00 1 3] FIG. 2 shows TA and TDA curves of a modified AI(OH) 3 of 

the invention. 

[0014] FIG. 3 shows an FTIR spectra of a modified AI(OH) 3 of the 
invention. 

[00 1 5] FIG.4 shows a TEM photograph of a modified AI(OH) 3 of 
the invention. 

[0016] FIG. 5 shows a process flow chart to prepare a modified 
AI(OH) of the invention. 

[° 017 ] FIG. 6 shows a TEM photograph of an ultrafine AI(OH) 3 gel, 
which is the precursor of the modified AI(OH) 3 of the in- 
vention. 

[0018] FIG. 7 shows a schematic diagram of a high gravity rotat- 
ing bed apparatus that can be used in the method of the 



n 

invention. 
Detailed Description 



[001 



g ] The present invention provides an ultrafine modified 
AI(OH) 3 , whose XRD spectrum has diffraction peaks at the 



points that D values are 6.39, 6.16, 4.67A, and 26 are 
13.836, 14.347, and 19.006 respectively. The intensity of 
diffraction peaks where 26 are 13.836 and 19.006 are 
29.12% and 56.10% of the intensity of diffraction peak 
where 26 is 14.347. 
[0020] FIGS. 1A and IB are XRD patterns of a modified AI(OH) 3 of 
the invention. The modified AI(OH) 3 of the present inven- 
tion has intense diffraction peaks at several points where 
D values are 6.39, 6.16, 6.12, 4.67, 3.70 and 1.99A, and 
other peaks. The diffraction peaks where D values are 
6.16, 2.36, and 1.86A are close to y-AIOOH (21-1307), 
while the diffraction peaks where D values are 4.67, 4.24, 
3.22, 2.44, 2.07, 1.80, and 1.74A, are close to AI(OH) 3 
(Gibbsite) (33-18). The diffraction pattern of the product 
of the present invention does not include other diffraction 
peaks in the two phases mentioned above. And no known 
crystalline pattern has been found which coincidences to 
the diffraction peaks at which D values are 6.39, 3.70 and 
6.12A, as in the diffraction pattern of the product of the 
invention. 

[0021] According to the invention, ultrafine modified AI(OH) 3 has 
an initial weight loss temperature of greater than or equal 
to 330°C, preferably greater than or equal to 350°C, and 



more preferably greater than or equal to 370°C. For ex- 
ample, the initial weight loss temperature may be 330 to 
about 380°C, preferably is about 350 to about 380°C, and 
more preferably is 370 to about 380°C. The rate of weight 
loss is up to 50% at 500°C, while it is greater than or 
equal to 51% at 600°C. According to the experiments 
wherein a modified AI(OH) 3 is applied to polyvinyl chloride 
(PVC), ethylene-vinyl acetate copolymer (EVA), high density 
polyethylene (HDPE), polypropylene (PP), polyethylene (PE), 
acrylonitrile-butadiene-styrene terpolymer (ABS), polycar- 
bonate (PC), for testing such physical properties as fire re- 
tarding and smoke eliminating, the results indicated that 
the ultrafine modified AI(OH) 3 of the invention can also be 
used in such materials as polycarbonate (PC), polyolefin 
(PO), polybutylene terephthalate (PBT), and others, to 
which conventional AI(OH) 3 can not be applied. 

[0022] FIG. 2 shows Thermal Analysis (TA) and Thermdifferential 
Analysis (TDA) curves of a typical modified AI(OH) 3 of the 
invention. The experimental condition is to heat from a 
temperature of 50 to 600°C at a rate of 10°C per minute. 

[0023] FIG. 3 is an FTIR spectra of the modified AI(OH) 3 of the in- 
vention. The modified AI(OH) 3 of the invention has ad- 
sorption peaks at the points that wave numbers are about 



3671.167, 1713.910, and 1367.945. 
[0024] fig.4 is a TEM photograph of the modified AI(OH) 3 of the 
invention. The particle size of the ultrafine modified 
AI(OH) 3 is very small. The mean particle size is less than 
300 nm, preferably less than 250 nm, and more prefer- 
ably less than 200 nm. For example, the mean particle 
size is about 10 nm to300 nm, preferably about 20 nm to 
about 250 nm and more preferably about 50 nm to 150 
nm. 

[0025] The density of modified AI(OH) of the invention is 0.6 to 

3 

about 1.1 g/cm , preferably about 0.74 to about 1.04 g/ 
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cm , while the loose density is 0.5 to about 0.9g/cm , 
preferably is about 0.54 to about 0.83 g/cm 3 . 
[0026] The present invention also provides a method of prepar- 
ing ultrafine modified AI(OH) 3> which comprises the steps 
of:(A) 1) introducing a C0 2 -containing gas and a NaAI0 2 
solution into a high gravity rotating bed apparatus, 2) re- 
acting the C0 2 and the NaAICMo form a reactant compo- 
sition in the form of a gel or a liquid suspension, 3) filter- 
ing and washing to obtain a particulate AI(OH) 3 filter cake, 
and 4) optionally drying the filter cake to obtain powdered 
product; wherein the gas/liquid volume flow rate is 0.5 to 
about 10, on the basis of standard pure C0 2 ; and the con- 



centration of NaAI0 2 is 0.1 to about 10 mol/L, preferably 
about 1 to about 8 mol/L, and more preferably 1 to about 
5 mol/L; and (B) 5) mixing the particulate AI(OH) 3 ob- 
tained in Step A, with a modifying agent selected from the 
group consisting of an oxalate, an oxalic acid, or a mix- 
ture thereof,6) reacting for a predetermined period of 
time at a temperature equal to or higher than 100°C, and 
7) drying the reacted AI(OH) 3 to obtain the ultrafine modi- 
fied AI(OH) 3 powder product. 

[0027] | n particular, the method of preparing ultrafine modified 
aluminum hydroxide according to the invention consists 
basically of two steps: A) a carbon component decompo- 
sition under conditions of a high gravity field in the high 
gravity rotating bed apparatus, and B) a modification 
treatment. The steps are described in detail as follows: 

[0028] step A: Carbon component decomposition: 

[0029] a C0 2 -containing gas and a NaAI0 2 solution are intro- 
duced into a high gravity rotating bed apparatus from a 
gas inlet and a liquid inlet, respectively. The carbon com- 
ponent decomposition reaction is carried out in the 
porous packing layers inside the rotating beds. A rotating 
speed of the rotor of a high gravity rotating bed apparatus 
is 100 to about 10,000 rpm. The gas/liquid volume rate is 



0.5 to about 10, on the basis of standard pure C0 2 - The 
concentration of NaAI0 2 is 0.1 to about 10 mol/L The gel 
(or liquid suspension) leaves the high gravity rotating bed 
apparatus via a liquid outlet after the completion of the 
reaction. 

[0030] step B Modification treatment: 

[0031] The gel of Step A is filtered and washed to obtain a filter 
cake. The filter cake (or its dried powder after drying) is 
mixed with oxalic acid, oxalate, or a mixture thereof (as a 
solution and/or a solid), and reacted for 5 min. at a reac- 
tion temperature of not less than 100°C. After the modifi- 
cation reaction, the product is treated by such post- 
treatments as filtering and drying to obtain the modified 
nano-sized AI(OH) 3 . 

[0032] FIG. 5 depicts the process flow chart to prepare modified 
AI(OH) 3 of the invention. 

[0033] The essence of the carbon component decomposition re- 
action is:(l) First, because of the strong basicity of NaAI0 2 
solution, the introduced C0 2 can neutralize hydroxyl (OH 
") in the solution by the reaction (I): 

[0034] CO + 20H~^ CO 2 + H O (I) 

2 3 2 

[0035] (2) Then, as a result of neutralizing C0 2 , the NaAI0 2 solu- 



tion loses its stability, and decomposes and precipitates 
out AI(OH) 3 by the reaction (II): 

[0036] AIO " +2H O AI(OH) I + OH" (II) 

2 2 3 

[0037] The main purpose of carbon component decomposition 
process is to prepare a uniform gel (a precipitation of the 
AI(OH) 3 ) for the next modification step. 

[0038] The carbon component decomposition process of step A 
of the present invention has no special requirement of re- 
action temperature, but it is preferable that the reaction of 
step A is carried out at the temperature of 15 to about 
100°C, more preferably about 20 to about 80°C, and more 
preferably from 30 to about 70°C. 

[0039] The rotating speed of the rotor of rotating beds can vary 
in a wide range, for instance 100 to about 10000 rpm, 
preferably about 150 to about 5000 rpm, and more 
preferably 200 to about 3000 rpm. 

[0040] | n step A, the C0 2 -containing gas mentioned above can 
be C0 2 of industrial purity or a mixture containing CCK 
The starting C0 2 content is preferably greater than or 
equal to 10 %. The gas/liquid volume rate is 0.1 to about 
5, on the basis of standard pure CCK 

[0041] | n step A, the pH value of the gel or liquid suspension 
should be controlled at greater than or equal to 8, and 



preferably at greater than or equal to 11.5; for example, 
at pH=8 to about 13, or 8.5 to about 12.5. 

[0042] The porous packing layers in Step A of the invention also 
have no special requirement. A porous plate, mesh, foam 
material and regular packing are all suitable for use in the 
present invention. 

[0043] The reaction time in Step A can vary in a wide range, de- 
pending on the quantity of reactant and the volume of re- 
actor, and other factors. The reaction time is usually 5 to 
about 60 min, preferably about 5 to about 30 min. More- 
over, the activator and crystal form controlling agent can 
also be added in Step A, which cause full dispersion of 
particle, refine and narrow the distribution of particle size, 
and control the shape of modified AI(OH) 3 precursor. The 
mentioned activator can be, for example, fatty acid, and 
the crystal form control agent can be sulfate or phos- 
phate. It is obvious to use any other common activator 
and crystal form controlling agent which are known in this 
art. 

[0044] FIG. 7 shows the schematic diagram of a high gravity ro- 
tating bed apparatus, such as a Rotating Packed Beds Re- 
actor (RPBR), according to the invention. The apparatus is 
described in detail in Chinese Patent No. ZL95105343.4, 



which is incorporated herein by reference. 
[0045] The modifying agent used in Step B of the invention can 
bean oxalate, an oxalic acid, or a mixture thereof, which 
can be used in the form of a solution or a crystal. The ex- 
amples of the oxalate include lithium, sodium and potas- 
sium oxalate. 

[0046] T he AI(OH) 3 used in Step B is a AI(OH) 3 gel or powder 

which is formed in the process of carbon component de- 
composition in Step A. The molar ratio of modifying agent 
in Step B to AI(OH) 3 filter cake or powder from Step A is 
0.3 to about 2, preferably about 0.5 to about 1.5, and 
more preferably from 0.8 to 1.2. The mentioned modify- 
ing agent can be used in the form of a solid or a solution. 

[0047] The temperature of modifying process in Step B is more 
than 100°C, for example 100 to about 205°C, and prefer- 
ably from 140 to about 180°C. 

[0048] The reaction time in Step B can alternate in a wide range, 
depending on the quantity of reactant and the volume of 
reactor. The reaction time in Step B is usually 5 min to 
about 5 hr, preferably about 10 min to about 2 hr, and 
more preferably 30 min to about 1.5 hr. 

[0049] | n the modification process of Step B of the invention, ac- 
tivator and crystal form controlling agent can also be 



added to cause full dispersion of particle, to refine and 
narrow the distribution of particle size, and to control the 
shape of modified AI(OH) 3 precursor . The examples of 
the activator include fatty acid or salt, ester aluminate, es- 
ter titanate, and others. The crystal form controlling agent 
is sulfate or phosphate. It is obvious to use any other 
common activator and crystal form controlling agent 
which are known in the art. 
[0050] The present invention also provides a method of prepar- 
ing ultrafine AI(OH) 3 , which comprising the steps of:(A) 1) 
introducing a C0 2 -containing gas and a NaAI0 2 solution 
into a high gravity rotating bed apparatus, 2) reacting the 
CO and the NaAlO to form a reactant composition in the 
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form of a gel or a liquid suspension, 3) filtering and wash- 
ing to obtain a particulate AI(OH) 3 filter cake, and 4) op- 
tionally drying the filter cake to obtain powdered product; 
wherein the gas/liquid volume flow rate is 0.5 to about 
10, on the basis of standard pure C0 2 ; and the concentra- 
tion of NaAI0 2 is 0.1 to about 10 mol/L, preferably about 
1 to about 8 mol/L, and more preferably 1 to about 5 
mol/L. 

[0051] The ultrafine AI(OH) 3 according to the method can be 

used as a precursor of the modified AI(OH) of the present 



invention. FIG. 6 shows aTEM photograph of an ultrafine 
AI(OH) 3 gel which is the precursor (product in Step A) of 
the modified AI(OH) 3 of the invention. 
[0052] The present invention also provides a fire retardant prod- 
uct, which comprises the modified ultrafine AI(OH) 3 of the 
present invention. According to the experiments that 
modified AI(OH) 3 is applied to PVC, EVA, HDPE, PP, PE, 
ABS, PC, and others for testing the physical properties 
such as fire retarding and smoke eliminating, the results 
indicate that ultrafine modified AI(OH) 3 of the invention 
can also be used in such materials as PC, PO, PBT, and 
others, to which conventional AI(OH) 3 can not be applied, 
because of the high processing temperatures of these 
materials that exceed the thermal stability of conventional 
AI(OH) 3 . 

[0053] The followings are examples to illustrate the present in- 
vention. These examples by no means limit the scope of 
the invention. 

[0054] Example 1 

[0055] An aqueous solution of NaAICHs prepared with a concen- 
tration of 2.18 mol/L. The solution was filtered to remove 
the impurities and placed in a circulating tank 13. The so- 
lution was pumped by pump 12 to liquid inlet 6 of rotat- 



ing beds in a Rotating Packed Beds Reactor (RPBR) and en- 
tered into porous packing layer 8 at the temperature of 
35°C via distributor 9. CO^ gas, after being decompressed 
from gas cylinder, was introduced to the rotating bed 
continuously from gas inlet 4. The gas/liquid volume flow 
rate was adjusted to 1.25. At this moment, a carbon com- 
ponent decomposition reaction take place between C0 2 
and NaAI0 2 solution in the packing layer 8 of the beds to 
form a gel. The rotating speed of the rotor of the rotating 
bed was controlled to about 2100 rpm. Liquid which has 
not completely reacted flows to circulating tank 13 thru 
liquid outlet 7, and was recycled by circulating pump to 
react continuously with C0 2 in the rotating. When the pH 
of the gel liquid became 12, the carbon component de- 
composition reaction was accomplished. The TEM photo- 
graph of the resulting gel is shown in FIG. 6. After filtering 
and washing, the gel was mixed with oxalic acid solution 
at a molar ratio of the gel: oxalic acid solution= 1:0.87 to 
form a solution with AI(OH) 3 of about 46.3g/L, so as to 
carry out modifying reaction. The reaction temperature 
wasl50°C, while the reaction time was 4 to about 5 hr. 
The liquid product was filtered, washed and dried after 
the reaction finished, to obtainthe modified AI(OH) 3 . The 



TEM photograph of the modified AI(OH) 3 was shown in 
FIG. 4, and the TG/TGA of the modified AI(OH) 3 are shown 
in FIG. 3. 

[0056] chemical element analysis of the modified product was: Al 

24.86%, O 34.55%, C 11.86%, H 2.28%. 
[0057] Example 2 

[0058] The reaction was carried out in the same manner as Ex- 
ample 1, except that 14. 5g of AI(OH) 3 from carbon com- 
ponent decomposition reaction and 0.5mol oxalic acid 
(350ml) form a solution (550ml) by adding water. 

[0059] The density of the modified AI(OH) product was 0.8 g/cm 
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, and specific surface area was 13 m /g. 
[0060] Example 3 

[0061] The reaction was carried out in the same manner as Ex- 
ample 2, except that a NaAI0 2 solution with the concen- 
tration of 3.5 mol/L was used to prepare the AI(OH) 3 pre- 
cursor, and 21.1g of AI(OH) 3 precursor obtained from the 
carbon component decomposition reaction was mixed 
with 510 ml oxalic acid to form a solution (800 ml) by 
adding water. The time for modification is 90 to about 
120 min. 

[0062] Example 4 



[0063] The reaction was carried out in the same manner as Ex- 
ample 2, except that 14. 5g AI(OH) 3 from the carbon com- 
ponent decomposition reaction was mixed with 81 gram 
oxalic acid (350ml) to form a solution (800 ml) by adding 
water and that the time for modification was 45 to about 
60min. 

[0064] Example 5 

[0065] The reaction was carried out in the same manner as Ex- 
ample 2, except that 129 g filter cake of the AI(OH) 3 from 
the carbon component decomposition reaction was mixed 
with 1162 gram oxalic acid (350ml) to form a solution 
(800 ml) by adding water and the time for modification 
was 20-30 min. 

[0066] Example 6 

[0067] The reaction was carried out in the same manner as Ex- 
ample 2, except that a NaAI0 2 solution (3.5 mol/L) was 
used to prepare AI(OH) 3 precursor, and 200 g 
AI(OH)3filter cake obtained from carbon component de- 
composition reaction was mixed with 226.5 g oxalic acid 
to form a solution (800 ml) by adding water and the time 
for modification was 15 to about 20 min. 

[0068] Example 7 



[0069] The reaction was carried out in the same manner as Ex- 
ample 6, except that the reaction of modification was car- 
ried out for 210 to about 270 min at 120°C. 

[0070] Example 8 

[0071] The reaction was carried out in the same manner as Ex- 
ample 6, except that the reaction of modification was car- 
ried out for 60-90 min at 135 °C. 

[0072] Example 9 

[0073] The reaction was carried out in the same manner as Ex- 
ample 6, except that the reaction of modification was car- 
ried out for 5-10 min at 165 °C. 

[0074] TEM photographs and TA/DTA curves of the modified 
AI(OH) 3 and precursors obtained in Examples 2 to 9 are 
similar to those shown in FIGS.l to 5. 

[0075] The present invention described by the examples is not 
limited to these examples. One of ordinary skill in the art 
can make modifications based on the present invention, 
which are within the scope of the claims attached hereto. 



